Introduction
============

Inflammatory myofibroblastic tumors (IMTs) belong to an intermediate group of soft-tissue tumors, and were first reported in 1990 by Pettinato *et al* ([@b1-ol-0-0-4119]). IMTs are associated with a number of non-specific symptoms, including fever, pain and weight-loss, which are common to many diseases. IMTs are therefore difficult to differentiate clinically from malignant tumors and infections. IMTs develop in the soft tissues of patients of a wide age-range, from infants to adults, and are most commonly detected in the lung, mesentery, and omentum ([@b2-ol-0-0-4119]). Histological findings and pathological analysis are indispensable for diagnosing IMTs, and they are characterized by proliferation of spindle-shaped cells, including fibroblasts and myofibroblasts that stain positive for alpha-smooth muscle actin (α-SMA), accompanied by inflammatory cell infiltration ([@b3-ol-0-0-4119]). Furthermore, an increased level of the pro-inflammatory cytokine interleukin (IL)-6 in peripheral blood, and an increase in nuclear factor kappa B activation in peripheral blood mononuclear cells are both commonly detected in clinical manifestations of IMTs ([@b4-ol-0-0-4119]). IMTs are frequently removed by surgery, and complete resection often results in a good prognosis ([@b5-ol-0-0-4119]).

In recent years, associations with anaplastic lymphoma kinase 1 (ALK1, commonly referred to as ALK) gene rearrangements and the presence of immunoglobulin subclass G4 (IgG4)-expressing plasma cells have been highlighted as important factors for differential diagnosis of IMTs. ALK expression has been observed in \~50% of IMTs ([@b6-ol-0-0-4119]), and ALK-positive IMTs are reported to have high rates of rapid progression and recurrence, associated with a high grade of malignancy ([@b7-ol-0-0-4119],[@b8-ol-0-0-4119]). Associations between IgG4-positive IMTs and autoimmune diseases appear to have been suggested ([@b9-ol-0-0-4119]). Pathologically, infiltration by lymphocytes and plasma cells, in addition to spindle-shaped cells, is observed, and they are considered to be inflammatory pseudotumors (IPTs) ([@b10-ol-0-0-4119]). IgG4 is detected in IPTs but seldom in IMTs, whereas ALK expression has not been detected in IPTs. Thus, ALK and IgG4 expression may be regarded as important for the classification of IMTs ([@b11-ol-0-0-4119],[@b12-ol-0-0-4119]). The present study reports the first case of pulmonary IMT without ALK and IgG4 to show an improvement in the patient\'s condition with use of clarithromycin as a long-term macrolide therapy.

Case report
===========

A 73-year-old female with a past medical history of hystero-oophorectomy for uterine cancer at 60 years of age, who had never smoked, was examined in our department (Respiratory Medicine and Infection Control, Tokai University Hachioji Hospital, Tokyo, Japan) on November 12, 2012 after abnormal chest shadows were observed during a health check-up with a radiographer. The patient had no fever or cough, and no particular clinical manifestations were observed. Additionally, no superficial lymph nodes were palpable, and no skin rashes were noted. Chest radiography and computed tomography (CT) revealed infiltrative shadows primarily in the left pulmonary hilum, and small nodular shadows in both the right and left lung fields ([Figs. 1](#f1-ol-0-0-4119){ref-type="fig"} and [2](#f2-ol-0-0-4119){ref-type="fig"}). The blood examination and tumor marker results were within normal limits (CEA 2.0 ng/mL, CYFRA 1.1 ng/mL, RProGRP 31.6 pg/mL, NSE 8.7 ng/mL, sIL-2R 327 U/mL and KL-6 410 IU/mL); the interferon-γ release assay for active tuberculosis (IGRA: T-SPOT.TB) was negative, and neither sputum cultures or cytology yielded any significant findings. Two weeks following the first relevant examination (FRE), a transbronchial lung biopsy (TBLB) was performed on the patient on November 26, 2012, who was admitted to the Tokai University Hachioji Hospital overnight. Histopathological assessment of the biopsy tissue revealed nonspecific organized tissue with no evidence of malignancy. No clinical manifestations were observed during that time; however, a definitive diagnosis was deemed necessary, and after consulting with the patient and obtaining consent, video-assisted thoracic surgery (VATS) and excision of the right upper nodule was performed on December 18, 2012, three weeks after the TBLB, for which the patient was admitted until December 28, 2012. Histological evaluation of the frozen material demonstrated the presence of an organizing pneumonia with no malignancy. A detailed pathological evaluation of fixed tissue led to the preliminary diagnosis of an IgG4-related, solitary, fibrous IMT, which required further immunohistochemical investigation. The immunostaining revealed that the nodule was vimentin-positive, strongly α-SMA-positive, CD34-negative, CD68-positive, Congo-red-negative, ALK-negative and IgG4-negative ([Fig. 3](#f3-ol-0-0-4119){ref-type="fig"}). No evidence of malignancy, including evidence of cancer or spindle-cell carcinoma, was detected. The macroscopic findings showed a clearly demarcated mass. Based on the above findings, a final diagnosis of IMT was made. As there were no clinical manifestations, we consulted with the patient and decided to carefully follow her course. The chronic inflammation in the ALK-negative tissue was considered to be a chronic respiratory tract inflammation at that time. Clarithromycin was administered as a long-term macrolide antibiotic therapy, three months following the FRE, as we expected it would be effective in controlling the inflammation. The chest shadows slowly resolved on follow-up imaging examinations, performed every two months. The chest shadows had almost completely disappeared on the images obtained eight months following clarithromycin therapy ([Figs. 1](#f1-ol-0-0-4119){ref-type="fig"} and [2](#f2-ol-0-0-4119){ref-type="fig"}). Clarithromycin therapy was performed for ten months in total, and during this time there were no clinical manifestations and no impairments to the patient\'s everyday life. The patient has experienced no relapses, and appears to have followed a favorable course almost one year following the FRE.

Discussion
==========

IMTs are characterized histologically by the proliferation of spindle-shaped cells (fibroblasts and myofibroblasts) and an accompanying infiltration by inflammatory cells, including lymphocytes, plasma cells, and histiocytes. The histological findings in the present case revealed relatively uniform spindle-shaped cells, and immunohistochemical staining demonstrated that the cells were vimentin-positive, strongly α-SMA-positive, CD68-positive, CD34-negative, IgG4-negative, and both Congo-red-negative and Direct-fast-scarlet (DFS)-negative, showing the absence of amyloid ([Fig. 3](#f3-ol-0-0-4119){ref-type="fig"}). Our findings were consistent with the description of earlier IMT cases by Makhlouf *et al* ([@b13-ol-0-0-4119]) and Coffin *et al* ([@b6-ol-0-0-4119]), and we therefore made a diagnosis of IMT. The behavior of IMTs range from benign to malignant, and they have been treated using a number of different methods, including surgery, anticancer drug therapy, and steroids ([@b14-ol-0-0-4119]--[@b16-ol-0-0-4119]). However, it has been reported that some cases are made worse by the use of steroids ([@b17-ol-0-0-4119]). To date, no standard treatment has been established. Furthermore, there are a number of reports that ALK-positive IMTs have a poor prognosis ([@b7-ol-0-0-4119],[@b8-ol-0-0-4119],[@b18-ol-0-0-4119]), contrasting with relatively favorable reports for ALK-negative cases ([@b19-ol-0-0-4119]). However, Coffin *et al* ([@b6-ol-0-0-4119]) reported that ALK-reactivity was associated with local recurrence, but not distant metastasis (which was confined to ALK-negative lesions). This was based on the analysis of 59 cases of IMTs, of which 56% were ALK-positive. The absence of ALK expression was associated with a greater age overall, and death from disease or distant metastases. Thus, ALK reactivity may be a favorable prognostic indicator in IMT.

There have been several previous reports of successful treatment of ALK-positive IMTs with the ALK inhibitor crizotinib ([@b20-ol-0-0-4119]--[@b22-ol-0-0-4119]). Gene- and immunological-classifications according to ALK, IgG4 and other markers, as well as histological classifications, appear necessary for selecting among treatment options for IMT. Crizotinib may become the mainstay of treatment for ALK-positive cases.

The etiology of IMT implies that an inflammatory response is important to the pathology, and IMT cases have often been presented clinically as a fever of unknown origin ([@b23-ol-0-0-4119],[@b24-ol-0-0-4119]). Local proinflammatory cytokine production has been previously demonstrated to have an impact on the pathology ([@b4-ol-0-0-4119]). Kuppe *et al* ([@b25-ol-0-0-4119]) reported that macrophage activation syndrome was seen in IMT of the lung and thoracic spine. Accumulation and activation of macrophages by the inflammatory processes of IMT led to phagocytosis of hematopoietic stem cells in the bone marrow and caused an increase in proinflammatory cytokines, including IL-1β, IL-6, and sIL-2R, in the blood.

In the present case, the patient\'s IMT was ALK-negative, and controlling the inflammatory response appeared to lead to improvement of the pathology. Chaves *et al* ([@b26-ol-0-0-4119]) investigated the anti-inflammatory action of non-steroidal anti-inflammatory drugs (NSAIDs). The authors analyzed reports of ALK-negative cases receiving NSAID therapy and reported the striking result that NSAIDs were effective in treating 10 of 11 cases of IMT.

Some macrolide antibiotics are known to possess unique anti-inflammatory activities ([@b27-ol-0-0-4119]). Siddiqui *et al* ([@b28-ol-0-0-4119]) reported the ability of macrolides to reduce the secretion of proinflammatory cytokines, ameliorate the infiltration of inflammatory cells into the airways, and to reduce mucus secretion, enables them to improve pulmonary function and the quality of life for patients with chronic inflammatory diseases of the airways (cystic fibrosis, asthma, bronchiectasis, panbronchiolitis and cryptogenic organizing pneumonia), as well as diffuse panbronchiolitis. Furthermore, macrolide antibiotics decrease levels of IL-1β, IL-6, IL-10, tumor necrosis factor-alpha, the chemokine ligands (CCLs) 33, 5, 20 and 22, the CXC chemokine ligands CXCL1, CXCL5, and granulocyte-colony stimulating factor in the sputum cells from patients with chronic obstructive lung disease, and have a local anti-inflammatory effect ([@b29-ol-0-0-4119]--[@b31-ol-0-0-4119]). Macrolide antibiotics have been effective in other inflammatory diseases aside from respiratory diseases, including adult Still\'s disease ([@b32-ol-0-0-4119]), rheumatoid arthritis ([@b33-ol-0-0-4119]), and Crohn\'s disease ([@b34-ol-0-0-4119]).

Since tissue inflammation appears to be the central pathology when an IMT is both ALK-negative and IgG4-negative, controlling the inflammation seems to be an important factor in improving the pathology. The suppression of inflammatory cell accumulation and suppression of the production of cytokines, including Il-6 and IL-8, by macrolide antibiotics confers anti-inflammatory immunosuppressive effects that differ from the effects of NSAIDs, and furthermore, macrolides appear to be effective against chronic tissue inflammation.

To the best of our knowledge, there have been no previous reports of the treatment of ALK-negative, IgG4-negative IMTs with macrolide drugs, including clarithromycin, and the present case appears to be the first reported case of IMT treated with a macrolide. It may therefore be worth performing a trial of anti-inflammatory treatment of a series of ALK-negative, IgG4-negative IMTs in a future study

In conclusion, IMTs are rare disease entity, sometimes with malignant pathology, and careful attention to the diagnosis and treatment remains essential. In cases where IMTs are ALK-negative and IgG4-negative, the anti-inflammatory-immunomodulating effects of macrolide antibiotics may have a potential benefit. It is possible that ALK- and, IgG4-negative IMTs will be reclassified in the future, based on more detailed genetic analysis and immunohistochemical studies of the lesion.

![Chest radiographs (A) prior to and (B) following clarithromycin treatment. (A) At the time of the first relevant examination (FRE), infiltration shadows near the aorta and left lower field, and a small nodular shadow in upper right lung field were observed (arrows). (B) Nine months following initiation of clarithromycin treatment (\~1 year following FRE), the infiltrative shadows have improved and have almost disappeared.](ol-11-03-1757-g00){#f1-ol-0-0-4119}

![Chest computed tomography (CT) imaging during the clinical course. At the time of the first relevant examination (FRE), infiltrative shadows were observed near the aorta and the left-lung hilus (A, upper and lower panels). The shadows increased and a portion developed into nodules (B, upper and lower panels) two months following FRE. Five months following FRE (two months following initiation of clarithromycin treatment), the shadows disappeared gradually (C, upper and lower panels). One year following FRE (nine months following treatment), the infiltrative shadows had almost disappeared and had improved (D, upper and lower panels). Upper panels, CT images at the level of the aorta. Lower panels, CT images near the hilus of the left lung.](ol-11-03-1757-g01){#f2-ol-0-0-4119}

![Micrographs of the excised inflammatory myofibroblastic tumor with histological analyses. (A) Hematoxylin and Eosin staining, representative of the center of the lesion and characterized by haphazardly-arranged spindle cells in an inflamed stroma (Scale bar, 100 µm). (B) Spindle cells with strong reactivity for alpha-smooth-muscle-actin (Scale bar, 100 µm). (C) Positivity for vimentin (Scale bar, 200 µm). (D) No staining detected for anaplastic lymphoma kinase (Scale bar, 200 µm). (E) No staining detected for IgG4 (Scale bar, 200 µm). (F) No staining detected with direct fast scarlet (Scale bar, 200 µm).](ol-11-03-1757-g02){#f3-ol-0-0-4119}
